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SEROLOGICAL DIFFERENTIATION GF ACUTE AND CHRONIC
SCHISTOSCAIASIS MANSONI BY ANTIBODY RESPONSES
TO KEYHOLE LIMPET HEMOCYANIN

SSOUSTAFA 3. MANSOUR. PiRLANTA OMER ALL ZOHAIR FARID,
ANDREW J, G. S'MPSON. AxD JAMES W, WOODY
US. Noxad Medead Resezrck Uez No. 3, Cairo. Eppe: axd
Nemorad Iesezxce for Medec! Resesrok, Lowndow, Exglzad

Abstroct.  The exisience of a stared eptiope betaeen 1he bemocyzain of the maine
woltusk Mepsthuz orerudaia. betier knomn 2s the keybole Himpet, 20d schistosomuta ks
been reposted. TEisepiiope kas been shoan 10 bea major & ia bemaea izfects

~ Iz this stady. keybele Empet bessocyazia (KLH) was used to measere aatibodies recog-
mmmmﬁmmmmwmn-immmm:m
mizsis vsing 2n exzyme-izked immenosorbent assay (ELISA) Marked d:ﬂac:xxs E I;G
2ad IgM 2atbod; were poied b acuicly z2nd 2
zxarmp:oalmummofupw..ﬁommmbdaw SDOD,.._
vatoes for 13G 25d 1M of 1.0 = 0.342ad 1.34 = 0.6 compared 10 meaa = SD 12G asd

TgM absorbance for the chronic sera of 0.22 = 0.10 20¢ 0.22 = 0.11 respectivels. Setung

ocxkr-vstpoumtl.mlﬂV'SD:bo\‘elbemmof be ch: sera, 28 of the 30 pa
gaosed as havisg < -atwm:ulyldtauﬁedb, their G
20d M7 Of § patieats studicd di: isted 21 the same fevels

lo-llutrksafxulrnmwul;.\(k\c!gonﬂzo.hcrh:nd.sbm\eda(mdax}xodmmc
best ined 2bos e the estabii cm-oﬂ'k\rl.Thmswd) provides fusther evidence for
the tation of schi )] ! body with acute infection 2ad
demonmxalhcabdu) ofanmalcm-mmmu\tEUSAmnsmmumphmmud

i et —abe iy e e e — e

with minute quantitics of KLH to d

cases of 2cute and

chronic schistosomiasis.

An individual's pnimary exposure to schisto-
some nfecuon Geguendy reselts 1 2cute, 101
emic schistosomizsis, a syndrome des eloping 4=
10 weeks after ml‘bcuon and cbzrzamu(' by

nificant difference 10 the speafiaties of anu-
schistosomulum surface 1gG between individu-
als with acute 2nd chronic infections.® It was
found that the M, > 200 kDa antigen. the pnn-

fever, srhea, 2nd il upal target or carbohydrate anubod\ on the
These symptoms tend 10 oocur m the carly stages suxfacc b 40% of the
of the nfe when ) are low  '**l-labeled surfz ¥ Jby an-
and stool examunations to detect ova mzy be ubodics from acute patients, bu' onl) lS"Oflhc
Trable, These sy b surface molec d by from
the infection becomes chronic, even without spe-  ¢hronic In add: sch \!

cific treatment. Lattle prosmsshasbecn made n
the devel of carly scrologs
for acute schistosomiasis. Numerous anligen

have been eval d and il

surface binding assays using pooled s¢ ra revealed
that §0% of the anui-surface igG 1n an acute se-
rum pool was speaific for sodium metapenodate

ful to h between
chronic and acute schistosomiasis on the basis
of specific IgM titers and smmunoglobulin ratios
ha\c been reported.®” All ¢esenbe tedious and
g methods of for the

antigens used in these assays.
Immenoprecipitation and surface binding as-
says using sera from Egyptian patients infected
with Schistosoma mansons have revealed a sig-

tive carbohydrate epstopes. Thelevel of an-
tibody 2gainst such epitopes in a chronic serum
pool, however, was below the assav des~ction
hmits A possible explanation ls lhal the high
level of surface carbohyd:
an carly antt-schistosorae response associated
with acute infecuion, and that the level of serum

body decl, d Hy as the nfection

becomes chronic
10 test this hypothesis. and to 1nvesugate the
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possibelity of usicg the of s kb ¥ 10 scrve 2s nonmal con-
wlam surface casbokydraie 22tbody 25 2 dizg-  wok
mmfonbewfyamofmm

asis, we have cad of  ELis4
2cute 20d chronie sckistosomizsis patients by
ELISA wsing B 23 of the keybole limpet Astzadand micro-ELISA was 2pplied using 50
[4) % lzza)2s the txspet2ntigen. Key- s of each rezgeat. Polystyrene 96-wedl, flat-bot-
bole mpet Ix in (KLH) w2s sclected be-  tom micvotizer plates (Linbro, Flow Labomio-
mcns!z:sa‘dldc&aed.wcmveafbo- fies. Ine, McLezz, VA)were used. Exch well was
hydrate epiiope with the surface of S. coated night 21 room with 50

schistosomula® The use of this re2geat avoids
lhencmlyofpmﬁumors;zaﬁcnzﬁcc

oz of KLH (Sigma Chemicat Co.. St. Louis. MO)
13 50 g1 0.05 M carbonate bufler pH 9.6. This

3 from the parasi d facilitates

ol’ anuem was empnmﬂ) determined

:m:xpkzswy\'org;mﬁca:facc rbohyd!

2atibody withous the need for mooocional c2p-
1ure or competition. The avzilability 20d stabil-
ity of KLH would allow for the first time the
introduction of 2a extremely simpie 20d chezp
duzgnostic test for 2cute schistosomiasis.

SMATERIALS AND METHODS
Patents

Sera for this study were obtzined from 30 pa-
tients with well-defined ac:nc or carly schmo-
is who were p J d at the

by 2P d neg-
2uve sera to be the munimam 2mount required
10 yicld optimal color formation. Esch plaic was
then washed 3 times with pbosphate buffered
saline, pH 7.6, containing 0.05% Tween 20(PBS-
Tween). Next., 50 g of 12 senal 1:2 dilutions of
ez2ch serum (beginaing with §:2 dilction) were
2added 2nd the plates were inzubated for 2 hr at
room temperature, Serum blanks, 2ntgen blanks.,
and positive 2nd negative control sera were run
with each plate.

The plates were then washed 3 times with PBS-
T\\wn :md 50 gl goat antu-human 12G or IgM

“fever of unknown origin™ ward of the U.S. Na-
val Med.cal Reseasch Urit No. 3 in the Abbassia
Fever Hospital, Cairo, EgypL All were town res-
1dents who had been exposed briefly for the first
time to infected Nile water. Egzs of S. m:msom
were ly found in al!

diluted 1:2.500 1n PBS-
Tween (Kirk d 2nd Perry Lab Inc..
Gaithersburg, MD) were 2dded to cach well Af-
ter 2 hr. the conjugate was removed and the plates
were washed 3 times with PBS-Tween. Each well
reccived 50 4l perox:dase substrate solution con-

repeated 1001 cxamnzuons or rectal snip v.zs
required 2o find the cggs sn some cases. The pa-
tients were 5-19 years old and hzd had fevers of
3-8 weeks duration. They also had diarrhea,
palpable, tender livers, and cosinophilia of 17—
65%. Patients were treated with praziquantel (60-
75 mg/kg of body weight divided into 3 doses
given in 1 day). Follow-up serum samples were
obtamned from 5 of these patients 10-13 weeks
later.

Anadd 130 sera were 2l from
patients with chronic schistosomsasis who had
had well-documented act:v e infections for at least

sisting of O-phenylened: tablets dissolved
1n diluent buffer (Abbott Laboratones. North
Chicago. IL) immediately before use.

The plates were incubated with substrate for
5-15 mun at room temperatuse and the reaction
was stopped with 25 gl 2.5 M sulfunc aad
The color developed n the plaic was rezd at
0D,y oa using an ELISA reader (Tatertek Mul-
tiskan, Flow Latoratoncs, Inc.. McLean, VA)

Immunoprecipnation

Three hour schistosomula were surface labeled
with '3[ using the Jodogen method * The sol-
bilized surface were -

3 years. They were all g S.
1 their stools and were 8-25 years of age.
Since fascrof and sch com-

monly coexist 1n Egypt, sera from 12

tated, resolved by sodium dodecyl sulfate-poly-
acrylamlde gel electrophoresis (SDS-PAGE) and
d hy. Rabbit KLH an-

with proven Fasciola giganticainfection but free
ofsch alsonciuded 1n the stud:
[n addition, serz were obtatned from 10 hcallhy

tibody was raised n a sandylop rabbit by in-
Jectng im with 100 gg KLH 1n complete Freund's
adjuvant, boosting 1 week later wath a similar

e o
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ul Corpeszive bending of sera pooled e coce ard
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Toi: gate the fh bod

Ficuxe | Immucopseaipitaion of ™
schistosomulum surface zntigens with (2) rabbst KLH
antibody and (b) normal rabbut serum The M, shown
are of the antigens preaipitated

mngection, and boosting again 4 weeks later wath
the s2ame amount of antigen n 1

1o the carbohydrate epitope shared with KLH.
sera pooled from Egyptian patienis with either
2cute or chromic schistosomiswus were pread-
sorbed with KLH and therr ressdua’ s~histosom-
ulum susfzoe bind; G Aitnunabsorbed
sera (Table 1). Preab: ionwith KLH lted
12 2 20% reduction in the surfacs binding of the
acute serum pool. but no deteciabie reduction in
the binding of the chronic serum pool. Absorp-
tion was also conducted with 2 schistosome egg
h for This lted 10 an
$0% reduction n the binding of the acute pool
but, azain. no reduction in the binding of the
chromic pool. These results are consistent with
the epitope shared by the schistosomulum sus-
face and KLH representing 25% of the egg cross-
reactise carbohydrate epitopes on the schisto-
somulum surface thatare recognized by the acute
serum pool

Y were conducted to
examune the possibslity of using the ELISA tech-
mque to detect antibodies to KLH 1n the sera of

+

sch and control 3

Freund's adjuvant. Serum antibody binding to
schistosomula surface was done by acompeuiine
binéing rad. at a serum dil!

Figure 2 the results of 1tnitzal ¢. per-
iments 1n which pooled sera from patients with
acute or chronic schistosomiasis, patients with
f: i and health’ subjects were tested by

of 1:10 using "*I.fabeled protein A as descnibed *

the ELISA method for the presence of IgG and
TgM anubodies to KLH. At all dilutions above
1+40, the mean absorb: 490 nm ofth

schistosomrasis group was much higher than the

mean absorb: of the other 3 groups Since the

RESULTS
T of B sch +
surface antigens wath antibodies raised against
KLH 1n rabbits & d that the

with a M, 17, 38, and >200 kDa express the
cross-reactive epitope (Fig. 1) All these antigens
have previously been shown (o express carbo-
Lydrate epitopes.'t *2 Antigens which have been

uter of antibody against KLH 1n the acute serum
pool was found to be extremely hugh (>1/20,300)
a serum dilution of 1.2,560 was then taken as
the iter at which absorbance values at 490 nm
were compared 1n all subsequent expenments
By the cntena given above, ELISA absorbance

fc und to express only non-carbohyd;
s1ch as those with a M, 32 and 20 kDa were not
imnunoprecipitated

b d from individual sera of in the
different groups were compared for thair IgG and
IgM wiers as presented i Figure 3 With the
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dilation of 1/2.560.

of 2 in the acute
muasisgroupand 1 mn the fasciol

Staustical analysis of the IgG and IgM chsorbance tn
sera of patterts with acute ard chromze schustosom-

was compleie separation in both IgG and IgM

fiters b n the acute
miasis group and the oxhcr 3 groups. IgM and
IgG titers of the ch
was similar to the fascioliasis patients and both
were higher than the healthy controls.

The statistical analyses of these data are pre-
sented in Table 2, Significant differences were
found between the mean ELISA absorbance for
the IgG and IgM of the acute schistosomiasis
group, the other 2 patient groups, and the healthy
control group, but not between the chronic schis-

pand the f2 \} group. These
last 2 sroups. however, had significantly higher
mean ELISA absorbance readings than the
healthy control group at P < 0001, with the
exception of the IgG of the fasciohasis group,
which was significant only at P < 0 01, The data
were used to investigate the potential of the anti-

h asis and partierts with aeute fascroliasis
there
Type of serem 4G 14
h A. Acute b
Mean = SD 10=044 1384206
Rangs 018176 01-198
E Chronic Schistosomuasis
Mean = SD 022010 022=z0.11
Range 002-0139 005039
C Fasaolasis
Mean = SD 0142010 0252010
Range 001-0 30 009-050
D Normal Control
Mean = SD 005 =002 005 =004
Range 0015-009 0013-0 123
PAxB <0001 <0001
PAxC <0001 <0001
PAxD <0001 <0001
PBxC NS N§*
PBxD <0001 <0001
PCxD <001 <000t
* Not ssgnabicant.
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342 MANSOUR AND OTHERS
(e ol Figure 4 shows scrum 2nti-KLH IgM ard ItG
12k 1gG responses in § paucnis with acute schistosoms-
asis for whom foll p Jes were ob d
10 10-13 wecks f3 2. ¢k of the
. osl 1gM OD readings in all § patients skowed a def-
° mnite teadency to d though all values
5 06} remained abose the cutoff value of positivity
c osl On the other hand. the IgG response of these
g panents showed practically no change at follow-
H 02} up.
7]
>, 0 [} [}
18l
-\3 . IgM DISCUSSION
° 16 Immumzanon of nanc LOU rats vath punfied
g (X3 of KLH has been reported to chict the production
o 42} of specific S mansoni antibodies exhibiting both
B4 1n vitro and in vivo effector functions towards
L [+ of S. manson: schistosomula.” It was further dem-
o osl onstrated that sera collected from KLH immu-
Mzed rats contain antibodies able to immuno-
Lo} o4 from a sch fa extract a 38 000
oal M, surface antigen glycoprotern This antigen was
previously reported to be 2 major immaunogen
02p 1n human nfe and induced prod of
specifi bodies in 97% of § infected
Before 10-13weeks  patients.”
Treotment Following The expenmental data fully support the cxis-
Treciment tence of a shared epitope between KLH and

Ficured  Serumant-KLH IgMand IgG
10 $ patients with acute schistosomiasis on presenta-
tion and 10-13 weeks later, after clearance of the par-
asie

KLH ELISA as a diagnosnc knt for acute schis-
tosomiasis Setting our lowest positive it at
slightty >2 SD above the mean of the chronic
sch group, we blished the meni-
mum absorbance value required for a positive
acute schistosomzasis diagnosis (lowest positive
fimit) An OD 449, > 0 45 was then used as the
endpoint for the titer d at serum

schiste surface and demon-
strate the presence of the shared epitope on the
M, 17 and >200 kDa antigens, as well as on the
M, 38 kDa antigen as previously reported * An-
ubodies from an acute serum pool were shown
to bind 1n significantly lugher amouats than those
f-om a chronic serum pool 10 the surface of schis-
ssomula KLH competiively reduced the acute
serum binding by 20%. but had no cffect on the
chronic serum binding. This indicates that at Jeast
1 of the epatopes recognized by acute serum on
the schistosomulum surface1s shared with KLH
and that there 15 insufficient anubody to such
1n the chronie serum to allow therr de-

dilution of 1 2,560

Given these 2 ¢ntena, 28/30 were correctly
scored as positive acuie schistosomiasis cases and
2 were false negative by both 198G and IgM uters
No false posinve values were detected 1n the
chronic schistosomiasis group There was 1 false
positive value 1n the fascioliasis group by the IgM
response, but notby the IgG response Altcontrol
sera from the healthy subjects who were never
exposed to infection were correctly 1dentified as
negative

tection by this assay

Based on this inding, experiments w.erc un-
dertaken to quantitate more preaisely the level
ot KLH anubodies in tndividual sera from pa-
tients with sch and to the
potential use of KLH for the development of an
immunoassay that can detect patients with acute
S i Imtial exp with
pooled sera clearly demonstrated that alt types
of sera. including that from normal subjects ap-
parently nad KLH antibodies at fow serum di-

LIRNPYPNY TR
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gy’ -
lutions. This titer dropped sharply in all the
pooled sera tested except that constructed from
acute schistosomiasis patients, where bigh con-
jons of KLH antibodi: isted even at

only individuzls i this group to have an IgG/
IgM r2uo >1 using a soluble ezg antigen (data
not shown). All of the patients in the chronic

e Py v d 4

2 scrum dilution of 1:20,400. This was truc
whether IgG or IgM antibodies were assayed.
When individual serum assays were per-
formed at a dilution of =1:2,500, a highly sig-
nificant difference between the levels of KLH
anubady in the sera of patients with acute schis-

group were
and only 1 of the fasciohiasis patients showed
some cross-reactivity. These results clearly dem-
onstrate for the first ume that differenual anu-
body resp 0 KLH toieally T
tiated between acute and chronic schistosome
infections.
PY

1 1 e

tosomiasis and patients with chronic
ma nfection was found. This finding fully sup-
ports the results of immuaoprecipitation

hich d that the M,
>200 kDa schistosomuium surface antigen, a
major target of schistosomulum surface carbo-
hydrate antibodies, is precipitated at a signifi-
cantly higher level by antibodies 1n the sera of
acute patients than by antibodses from chronic

between acute and
chreme scl- <tosomuasts were reported by Nash
a4 others 17 '* They found specific IgM and
14 antibody to a pol hande from the schis-
losomc gut to be highest 1n patients wnh acute

and fowestin ¢ iczlly infect-
ed pauents These studtes further demonstrated
that acutely mfcc(ed p:mcnls had mosuy lg,\l
specificantib

patients.® Thus the lable evidence
that schistosome surface mrboh)dratc antibody
1san carly resp t0 fe that
dechnes wath ume,

It has been shown by others that sesistance to

fe with § is age-related, ap-
parently developing afler some years of infec-
uon.™ Thus 1t is ly that the di-

had mostly IgG antbodies to a schis-
tosome specific carbohydrate-containing anti-
gen ' In our study, IgG and IgM responses 10
KLH were comparable in all groups tested No
distinction could be made among the groups
based on ant-KLH immunoglobulin ratto (IgG+
IgM), as reported sn other studies using different
1

agnosed as being acutely infected are resistant,
although there may be remstant individuals
among the patients with chronic infection n-
cluded in this study, all of whom had a docu-
mented history of infection of at least 3 years
Thus 1t 1s ble to that although

Of the 30 patients in the acute schistosomuasts
group, only 5 gave follow-up sera 10-13 weeks
after treatment Analysis of the anubody uter of
these sera revealed practically no change in the
128G response, IgM speaific antibodies showed a

caxboh)d:-:lc antibodies can medate protective
immunity i rodent models,** they may not make
a fi b to to remn-
fection 1n man. Indeed 5t has been proposed on
the basis of n vitro studies and the analysis of
;\nubody lcvcls 1 Kenyan children, that schis-

d to drop, but remained above the con-
trol cut-offfevel Obviously, more follow-up test-
ing would be needed before 1t can be determined
whether this test can be used to measure the
efficacy of a speaific drug treatment.

One major obstacle to the development of 2
suitable, simple immunodiagnostic procedure for

bohvd bodies may
block other protective responses '¢ The work
presented here does not contradict this hypoth-
esis

The difference 1n KLH antibody Jevels in the
sera of patients wath acute and chronic schisto-
somiasis suggests the use of this glycoconjugate
m a speafic immunodiagnostic test for acute
schistosomiasis. Taking OD,y0 ., 0f 0 45 as the

the d of pauients with acute S mansont
infectron has been the lack of a specific antigen
which p both logical ficity (to
be rccogmzcd 1 pauents 1n the carly stages of
the d ) and suffi y (to differ-
entiate between chronic and acute infections)
The results of this study suggest that punfied
KLH preparatton 1n an ELISA fulfills this cn-
tena KLHsbiologically active, beinganantigen

cut-off point of positivity, all but 2 sub, n

that a Is for the prod of §

the acute sch group were 1

bodies with similar cffector func-

wdentified, Icaving only 2 false negauve cases It
15 Interesting to note that these 2 individuals,
though they could not be distingy shed chinically
from the other acutely infected patients, were the

tion to those mduced dunng the course of infec-
uwon Thus the demonstration of circulating an-
tibodies to this antigen 1s probably relevant to
the presence of an S mansom infection It 1s

e g ok,
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commercizlly avleablc m pun: fo-m. p

men assay (ELISA) for detecung IgM

the need for lengthy 2nd tedious procedures of
isolation, purification, and standardization of
antigens. It is cheap and relatively stable in ly-
ophilized form, and as such would beeasy to use
under ficld conditions.

This study confirms that high levels of schis-

surface are
associated with acute schlsxosomxasns. It dem-
that deter ion of IgG

and IgM to § manson: schistosome carbohy-
drate epitopes, as measured using KLH, can be
used 2as a diagnosuc test for the early detection
of the disease, Obviously, extensive feld testing
would be needed to further substanuate the se-
rological specificaty of the test
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